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Abstract 
A freere-drying device was applied to t-butyl 
alcohol substituted nerve cells, fibers and synaptic 
terminals. Ten percent formalin-fixed human cerebellar 
cortex specimens were postfixed in 2.5 % glutaraldehyde 
in 0.1 M cacodylate buffer solution and were rinsed 
three times in 5 % sucrose solution in the same buffer. 
After the postfixed specimens were dehydrated using a 
graded series of ethanols and then transferred into a 
graded series oft-butyl alcohols (freezing point 25.4 °C), 
the t-butyl alcohol substituted specimens were freere-
dried at 15°C and at high vacuum (5x10"2 Torr). The 
freere-dried specimens were sputter coated with gold. 
Scanning electron microscopy revealed synaptic termi-
nals on the surfaces of a Golgi cell and a small flat 
polygonal cell. Rough somatic surfaces of granule cells 
were also observed. 
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Scanning electron microscopy (SEM) has provided 
a method for the analysis of the three-dimensional 
microfeatures of nerve cells and the interrelationship 
between nerve cells without the need for serially sec-
tioned specimens (e.g., Castej6n, 1988, 1992, 1993, 
1994; Rojo, 1994; Reese et al., 1985). In comparison to 
studies of others, the author has been able to analyre 
relatively large areas of three-dimensional (3-D) micro-
features of the human cerebellar cortex. In a previous 
SEM study, micrographs of large areas of cerebellar 
cortex, freere-dried using at-butyl alcohol freeze-drying 
device could be used to clarify the shape of the Purkinje 
cells and the interrelationship between nerve cells and 
various fibers (Rojo, 1994). Also, in the present study, 
the synaptic terminals on nerve cells were examined in 
specimens prepared in the t-butyl alcohol freeze-drying 
device, but now the specimens were prepared by double 
fixation and sucrose buffer rinse. 
For the study of the cerebellar cortex, light micros-
copy of Golgi impregnated tissue is useful, but this 
technique reveals an incomplete cellular outline or 
silhouette of the relationships of cells, and synaptic 
terminals on the cell body surfaces can be examined 
only at low resolution. Light microscopy and transmis-
sion electron microscopy are also useful for examining 
sectioned specimens to demonstrate the interior of 
neurons (e.g., Chan-Palay and Palay, 1970), but better 
preparation methods are needed for larger specimens in 
order to show the microstructure of the outer surface of 
entire large cells and neurons, such as round synapses 
and cell somas of the Purkinje cells and Golgi cells 
(e.g., Castej6n, 1988, 1992, 1993, 1994; Rojo, 1994; 
Reese et al., 1985). 
The improved preparation method used in the 
present study consists of two steps. First, 10 % formalin 
fixed specimens were postfixed with 2.5 % glutaralde-
hyde in cacodylate buffer, rinsed in the same buffer, and 
then dehydrated. Second, at-butyl alcohol freere-drying 
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Figure 1: Granular layer of the human cerebellar cortex 
showing three kinds of cells and climbing fibers. Climb-
ing fibers are indicated by large arrows. Round granule 
cells are the most numerous, and some of them are 
indicated by small arrows. A large cell (asterisk) is 
spindle-shaped and about 10x15 µm, and correspond to 
a Golgi cell. It has a long axon (double large arrow), 
and synaptic terminals on the cell body (arrowhead). 
Near this Golgi cell a small flat polygonal cell (double 
small arrow), with at least 8 processes, can be observed. 
One of these (double arrowhead) is related with the 
Golgi cell. Bar=5 µm. 
device was used to prepare the human cerebellar cortex 
at relatively high temperature and at high vacuum as 
described earlier (Rojo, 1994). 
This freeze-drying technique results in better 
specimen preservation at suitable temperatures and at 
high vacuum compared to conventional CO2 critical 
point drying (Akahori et al., 1988; Inoue and Osatake, 
1988). In the present study further improvements in 
preserving nerve cell bodies, processes, fibers and 
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Figure 2: Higher magnification of a small flat polygonal 
cell (asterisk), about 6x3 µm. Many synaptic terminals 
(small arrows) on the cell body as well as on the pro-
cesses can be seen. This cell is connected with granule 
cells, and is apparently forming connections with a 
climbing fiber (double small arrow). Dendritic contacts 
of the climbing fibers with the granule cells (large 
arrows) can be observed. One of the granule cells 
(arrowhead) shows a rough somatic surface. The dark 
empty spaces were previously occupied by the neuroglial 
cell layer. Bar=2 µm. 
synaptic terminals, compared to my previous study and 
studies of other authors are presented. Furthermore, the 
SEM used in the present study has a resolution of 5 nm 
and can examine nerve cells with processes and fibers 
also in large specimens. 
Materials and Methods 
In the present study the specimen was a 10 % 
formalin-fixed human cerebellar cortex (from an 82 year 
Specimen preparation using a t-butyl alcohol freeze-drying device 
old male) which was postfixed with 2.5 % glutaralde-
hyde in 0.1 M cacodylate buffer, pH 7.4, for 36 hours. 
This method does not include maceration with alkalis 
like that of Reese et al. (1985). Instead of being rinsed 
in water, the specimens were rinsed three times in 5 % 
sucrose solution in the same buffer for 30 minutes and 
then kept in the same solution in the same buffer for 24 
hours. 
After the specimens were dehydrated using a graded 
series of ethanols and then transferred into a graded 
series oft-butyl alcohols (freezing point 25.4 °C), the t-
butyl alcohol substituted specimens were freeze-dried at 
15°C and at high vacuum (5x10"2 Torr) using the t-butyl 
alcohol freeze-drying device. After drying, the speci-
mens were mounted with silver paste on aluminum stubs 
and sputter coated with a 10 nm film of gold. They were 
then examined in an SEM (ABT SX 40-A, Akashi Beam 
Technology, Tokyo, Japan). This SEM has a theoretical 
resolution of 5 nm at 2 mm working distance. 
Results and Discussion 
This study is the second application of freeze-drying 
to t-butyl alcohol substituted specimens. In the specimen 
preparation method used in the present study, t-butyl 
alcohol substituted specimens are freeze-dried in a high 
vacuum chamber. In the present study the double 
fixation and sucrose buffer rinse were used instead of 10 
% formalin fixation only and water-rinsing of the 
specimens. As reported in my previous study, the 
freezing-point of t-butyl alcohol is relatively high 
(25.4 °C), and the procedure of freeze-drying using t-
butyl alcohol causes little damage to the specimens. The 
specimen preparation method of double fixation and 
sucrose buffer rinsing used in the present study revealed 
synaptic terminals and nerve fibers more clearly than the 
preparation method of 10 % formalin fixation with water-
rinsing used in my previous study. These improvements 
in the preparation method make it easier to get a clear 
image of the neurons than that by Reese et al. (1985) 
using alkali maceration. 
Three kinds of cells were found in the granular 
layer. Most cells were granule cells; these cells were 
round and had a mean diameter of about 3 µm (Figure 
1). Moreover, a larger spindle-shaped cell and a flat 
polygonal cell were observed. The larger spindle-shaped 
cell, about 10 µm x 15 µm, may be a Golgi cell. One of 
the processes of the Golgi cell was connected with one 
of the processes of the small flat polygonal cell, which 
measured about 6 µm x 3 µm (Figure 1). 
On the Golgi cell body, synaptic terminals were 
observed (Figure 1). The flat polygonal cell had at least 
8 processes. One of its processes was connected with the 
Golgi cell. Some processes as well as the cell body of 
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the flat polygonal cell had many round synaptic struc-
tures (Figure 2). The small flat polygonal cell was 
contrasted with the large Golgi cell, and was connected 
with granule cells and a climbing fiber (Figure 2). These 
findings favor the idea that the flat polygonal cell may 
be an accessory cell to the Golgi cell, and to the best of 
our knowledge has not yet been reported by other 
authors (e.g., Carpenter, 1991; Castejon, 1988, 1992, 
1993, 1994; Chan-Palay and Palay, 1970; Reese et al., 
1985). 
Moreover, the dendritic contacts of the climbing 
fibers with the granule cells of the human cerebellar 
cortex as shown in the present study were similar to 
those shown in Teleost fish by Castejon (1988, 1992, 
1993, 1994) (Figure 2). The granule cell showed the 
rough somatic surface as described by Castejon (1992, 
1993). 
The SEM in the present study has almost the same 
resolution (5 nm at 2 mm working distance) as that of 
Reese et al. (1985) and Castejon (1988, 1992, 1994). 
Both my present and previous study (Rojo, 1994) 
showed as many fibers and synaptic terminals on 
surfaces of various cell bodies as Castejon's studies 
(1988, 1992, 1993, 1994). The results of the present 
study seem to show that the method described here is an 
improvement over my previous method (Rojo, 1994) 
and may be easier than other methods, e.g., using alkali 
maceration (Reese et al., 1985) in preparing the cerebel-
lar cortex for examination by SEM. 
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Discussion with Reviewers 
O.J. Castej6n: Most of the techniques employed thus 
far preservation of nerve tissues for scanning electron 
microscopy selectively removes the neuroglial cell layer, 
(Castejon, 1993). The t-butyl alcohol freeze-drying 
device used in your study also selectively removed the 
granule cell neuroglial cell layer exposing the outer 
surface of nerve cells and synaptic connections of 
afferent fibers. Do you have an explanation for such 
useful artifact? 
Author: Thank you for your suggestion. The t-butyl 
alcohol freeze-drying device selectively removed the 
outer surface of nerve cells and synaptic connections of 
afferent fibers. As you noted in your paper (Castejon, 
1993), the narrow extracellular space between the outer 
surface of nerve cells and that of synaptic connections of 
afferent fibers may be enlarged during the t-butyl 
alcohol freeze-drying preparation. And the enlarged 
space may easily be removed. 
O.J. Castej6n: Which could be the alterations induced 
by the aging process in your sample, an 82 years old 
male? 
Author: In this paper I did not compare this old male 
sample with other young samples. But the number and 
the shape of granule cells may be changed with the 
advance of age. 
O.J. Castej6n: Could you identify afferent mossy fibers 
in your preparations? 
Author: I have not yet identified afferent mossy fibers 
in my preparations. 
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